We simulate transport and fluctuations in 0.3 µm gate length n-MOSFETs operating in the hot-carrier regime using ISE-TCAD software. Our results are compared with other results given by microscopic simulations. As a first step, drift-diffusion and hydrodynamic models are employed to study the static and dynamic characteristics of these devices in common-source configuration. The velocity overshoot and other hot electron phenomena in the pinch-off region of the channel as well as the admittance parameters and other elements of small-signal equivalent scheme are in good agreement with the results of Monte Carlo simulations. The calculation of the spectral density of current fluctuations is implemented within the two-dimensional direct impedance field method of ISE-TCAD software at RF frequencies, when current fluctuations are dominated by diffusion noise. Among the two macroscopic models, only the hydrodynamic scheme simulates correctly the excess noise due to the presence of hot carriers.
Introduction
The macroscopic modelling of up-to-date submicron devices relies mainly on hydrodynamic and other energy-transport schemes. However, a certain number of problems is still open: namely an accurate modelling of noise properties starting from a microscopic basis and not from simple equivalent circuits. The standard method to calculate electronic noise within a macroscopic framework is the impedance field method [1] . This method is quite easily implemented for onedimensional devices but, although the theoretical framework has existed for several years [2] , the simulation of noise in two-dimensional devices was only recently implemented. In this paper we use the two-dimensional direct impedance field method (DIFM), recently included in the ISE-TCAD software. This method has been shown to give a good agreement with microscopic methods for unidimensional silicon devices operating in the nonohmic regime up to terahertz frequencies [3] . In our investigations, we apply the DIFM method within the drift-diffusion and hydrodynamic frameworks to submicron MOSFETs operating in the hot-carrier regime at RF frequencies.
Static and dynamic analysis
We consider the same geometry and doping levels of the silicon n-MOSFET studied by Monte Carlo (MC) simulator [4] doping concentration of 2 × 10 17 cm −3 has been considered at the bottom of the device. The source-substrate and drainsubstrate junctions are considered as abrupt and the oxide thickness is 10 nm.
The static and dynamic analyses are performed by means of the DESSIS-ISE multi-dimensional simulator of ISE-TCAD software using the drift-diffusion as well as the hydrodynamic models. The good agreement of the I D (V GS ) and I D (V DS ) characteristics with the MC results allows us to study the local transport parameters. We present in figure 1(a) the spatial profiles of velocity and energy of electrons along the channel for V DS = V GS = 1.5 V (i.e. in the saturation regime). The electron velocity is higher than saturation velocity (v sat = 10 7 cm s −1 ) in the channel near the drain region, corresponding to the pinch-off region (spatial velocity overshoot). We emphasize that the drift-diffusion model, by neglecting the energy balance equation, cannot describe the overshoot phenomenon. The discrepancies in the results obtained using different simulators are due to the approximations considered in the hydrodynamic model of the ISE-TCAD as discussed in more detail in [5] .
The small signal behaviour can be described by the Y admittance parameters which are associated with important parameters of the MOS equivalent scheme such as the output conductance g ds and the transconductance g m in figure 2 . The comparison between the results given by ISE-TCAD software and the MC simulator shows good agreement and is in conformity with the classical analytical equations of submicron MOS transistors. 
Noise analysis
The noise calculation within macroscopic frameworks requires knowledge of the local noise source K and the impedance field ∇Z. At RF frequencies the main source of noise is represented by diffusion whose source K diff is described in the ISE-TCAD software by the formulation
where q is the electronic charge, n is the local carrier concentration, k B is the Boltzmann constant, T is the lattice temperature or the electron temperature and µ n is the carrier mobility. We report in figure 1 the evolution of the square modulus of the impedance field |∇Z| 2 in the channel at saturation regime. We remark that the impedance field is preponderant in the intrinsic channel and a clear difference in the channel near the source region is evidenced between the two macroscopic models.
The spectral density associated with the drain and gate voltage fluctuations is calculated by the classical form of IFM:
From this form we deduce the spectral density of drain current fluctuations reported in figure 2 versus drain current at a frequency of 1 GHz. The diffusion noise calculated by MC is higher in comparison with the standard analytical formulation S ID (f ) = (2/3) × 4 k B T g m used for long channel devices. This behaviour can be associated with the presence of hot carriers in the drain region. No significant difference in the calculated spectral density is shown by replacing the lattice temperature by the electron temperature in the noise source S177 defined by equation (1) . In contrast with the hydrodynamic model, the drift-diffusion model cannot take into account this excess noise at increasing drain current. The discrepancy observed between the results of the two macroscopic models is attributed to the already remarked difference in the calculation of the impedance field [6] .
Conclusions
We have performed a simulation of drain current fluctuations in n-MOSFETs operating in the saturation regime at RF frequencies using the very recent module of noise calculation included in the ISE-TCAD software. The results of static and dynamic characteristics are in agreement with Monte Carlo simulations.
Within the hydrodynamic model, the calculation of the noise has shown satisfactory results compared with those of the reference microscopic simulator. On the other hand, within the drift-diffusion model it is not possible to account for the excess diffusion noise at high drain currents.
